ABSTRACT Exogenous enzymatic supplementation of poultry feeds, including α-galactosidase and xylanase, has been shown to increase metabolically available energy, although little information has been published on the impact on amino acid digestibility. An experiment was conducted to investigate a multicarbohydrase containing α-galactosidase and xylanase on amino acid digestibility, ileal digestible energy (IDE), and CP in male broiler chicks. The experiment was a 2 × 2 (diet × enzyme) factorial arrangement with 15 replicates of 8 male broilers per replicate raised for 21 d in a battery setting. The 2 dietary treatments included a positive control (PC) and a negative control (NC) diet formulated to contain 2.5% less calculated AME and digestible amino acids. Each of these diets was fed with and without enzyme. Broilers were fed a starter diet from 0-14 d (crumble) and a grower from 14-21 d (pellet). Birds were sampled on day 21 to determine ileal amino acid digestibility, IDE, and CP digestibility. Titanium dioxide (TiO 2 ) was used as an indigestible marker for the determination of digestibility coefficients. Total ileal amino acid digestibility was increased (P = 0.008) by 3.80% with the inclusion of enzyme. Methionine and lysine digestibility was improved (P < 0.05) with the inclusion of enzyme by 3.37% and 2.61%, respectively. Enzyme inclusion increased (P = 0.001) cysteine digestibility by 9.3%. Diet-influenced ileal amino acid digestibility with tryptophan, threonine, isoleucine, and valine digestibility being increased (P < 0.05) in the PC when compared to the NC. IDE was decreased (P = 0.037) in broilers fed the NC diet by 100 kcal/kg feed when compared to broilers fed the PC diet. Enzyme inclusion increased (P = 0.047) IDE value by 90 kcal/kg. Crude protein digestibility was not influenced by diet; however, similar improvements in CP digestibility with enzyme inclusion were observed as with energy. These data support the benefits of a multicarbohydrase containing α-galactosidase and xylanase inclusion to improve nutrient and ileal amino acid digestibility across multiple dietary nutrient profiles.
INTRODUCTION
Corn and soybean meal (SBM) constitute approximately 80% of a typical broiler diet in USA, and are respectively the primary energy and protein source in the feed (Coppedge et al., 2012; Campasino et al., 2015; Williams et al., 2015) . Both ingredients contain multiple non-starch polysaccharides (NSP), which have been shown to decrease nutrient digestion and absorption (Slominski, 2011) . The plant cell wall contains significant amounts of single sugar constituents of NSPs, which include mannose, glucose, arabinose, galactose, and xylose (Bacic et al., 1988; Knudsen, 2014 ). An estimated 400-450 kcal of digestible energy per kg of feed C 2018 Poultry Science Association Inc. Received October 24, 2017. Accepted April 25, 2018. 1 Corresponding author: E-mail: jtlee@tamu.edu remains undigested by broilers because of the NSP content present in corn-SBM diets (Cowieson, 2010) . Broilers lack the ability to hydrolyze these NSP components due to the shortage or absence of substrate-specific endogenous enzymes capable of the breakdown of NSPs (Cowieson, 2010) . The use of NSP enzymes (carbohydrases) may be desired to ensure breakdown, degradation, and utilization of the majority of the components in corn and SBM to attain ideal performance and profit from these diets (Slominski, 2011) .
In cereal grains, including corn, the non-cellulosic polysaccharides consist of arabinoxylans and β-glucans, whereas in soybean and canola meals arabinans, arabinogalactans, galactans, galactomannans, mannans, and pectic polysaccharides predominate (Slominski, 2011) . Chickens lack the digestive capacity to hydrolyze dietary NSPs except for small amounts in the lower intestine; therefore, they are essentially indigestible by monogastric animals, resulting in a reduction in nutri-3149 ent utilization. Xylanase has become a commonly used exogneous enzyme in broiler diets. Xylanases target NSP in corn to improve digestibility and growth performance. Multiple studies have reported the benefit on energy digestibility (Campasino et al., 2015; Williams et al., 2017) and growth performance (Coppedge et al., 2012; Williams et al., 2014 Williams et al., , 2017 Latham et al., 2016) with the inclusion of xylanase in cornbased diets.
Oligosaccharides, more importantly α-galactosides, are more prevalent in high-protein plant ingredients such as SBM (Knudsen, 2014) . In a research setting, ethanol extraction has been used as a method to remove oligosaccharides from SBM (Kidd et al., 2001b; Waldroup et al., 2006) . Multiple studies have reported SBM to contain approximately 7 to 10% sucrose, 1% raffinose, and 5% stachyose (Leske and Coon, 1999; Cervantes-Pahm and Stein, 2010) . Alternatively, the use of a substrate-specific enzyme, α-galactosidase, has been shown to hydrolyze raffinose and stachyose in a lab setting (Kon et al., 1973; Crocco, 1979) . α-galactosidase is responsible for hydrolyzing the oligosaccharides raffinose and stachyose, liberating galactose from the sucrose molecule, and potentially increasing the opportunity for increased nutrient utilization and absorption, which could lead to improved performance (Pettersson and Pontoppidan, 2013) . Prior research has shown both methods for removing oligasaccharides, namely the use of α-galactosidase and the ethanol extraction of SBM, to be effective in improving birds performance and digestion of broilers fed corn-SBM diets (Kidd et al., 2001a,b; Ghazi et al., 2003) .
α-galactosidase inclusion in broiler diets has produced varying results (Kidd et al., 2001b; Waldroup et al., 2005 Waldroup et al., , 2006 Zou et al., 2013) . In previous research reported by Waldroup et al. (2005 Waldroup et al. ( , 2006 , no differences in growth performance were observed at the conclusion of the experiment amongst treatments with or without the inclusion of α-galactosidase. However, Zou et al. (2013) reported that broilers fed 750,000 U/kg α-galactosidase produced similar BW while improving feed conversion ratio (FCR), which signified an improvement in nutrient utilization. Research conducted by Ghazi et al. (2003) reported that the inclusion of α-galactosidase improved true nitrogen digestibility and TME in broiler cockerels. The conflicting reports of prior research and lack of nutrient digestibility data justified the current experiment. The aim was to investigate the effect of a multicarbohydrase containing α-galactosidase and xylanase on ileal digestible energy (IDE), CP digestibility, and ileal amino acid digestibility in male broilers.
MATERIALS AND METHODS

Experimental Design and Diets
The experimental design consisted of a 2 × 2 factorial arrangement with 2 energy and amino acid levels (positive control [PC] and negative control [NC]) and 2 Trace mineral premix added at this rate yields 60.0 mg manganese, 60 mg zinc, 60 mg iron, 7 mg copper, 0.4 mg iodine, a minimum of 6.27 mg calcium, and a maximum of 8.69 mg calcium per kg of diet. The carrier is calcium carbonate and the premix contains less than 1% mineral oil.
3 SaCox-(Salinomycin sodium) 60 g/ton. 4 Optiphos PF2000-Huvepharma Inc.-Peachtree City, GA. Starter: Enzyme recovery was determined to be 1.6 U/kg for the PC and 1.7 U/kg for the NC. Target recovery was 1.6 U/kg.
Grower: Enzyme recovery was determined to be 1.8 U/kg for the PC and 1.8 U/kg for the NC. Target recovery was 1.6 U/kg. cDDGS, corn distillers dried grains with solubles; PC, positive control; NC, negative control; TSAA, total sulfur amino acids.
2 enzyme levels (with or without addition of enzyme) yielding a total of four treatment groups.
A standard US corn-SBM diet was formulated and manufactured to be used as a PC diet, in which nutrient recommendations according to the age and breed of animal were met (Table 1) . Furthermore, an NC diet was formulated with a 2.5% reduction in both calculated AME and digestible amino acids compared to the PC diet. These reductions in AME and digestible amino acids were achieved by reducing SBM (1.53%), soy oil (1.61%), and MBM (0.60%) in the starter and SBM (1.58%) and soy oil (1.78%) in the grower phase. Each of these diets was fed with or without the inclusion of a commercially available α-galactosidase 1 derived from Saccharomyces cerevisiae and carbohydrases derived from Aspergillus niger and Trichoderma longibrachiatrum, the combined product being dosed at 200 g/MT. A premix containing either appropriate dose of enzyme or corn starch with basal diet (2.5 kg) was added to the basal diet in the mixer to generate enzyme and control treatments. This enzyme product had a minimum α-galactosidase activity of 8 U/g (1 α-galactosidase unit defined as the amount of enzyme that will produce 1 micromole of p-nitrophenol per min at 37
• C) and 300 U/g of xylanase activity. Diets were pelleted at 70
• C and were fed in 2 dietary phases: starter (day 1-14) which was then crumbled and grower (day 15-21) fed as a pellet. Grower diets contained 0.4% TiO 2 as an indigestible marker to determine nutrient digestibility.
Animals and Management Practices
On the day of hatch, 480 Cobb 500 male broilers were wing-banded and allocated to battery pens and treatments based on initial body weight to ensure statistically equivalent weights across treatments. Each treatment consisted of 15 replicate cages of eight chicks per cage. Chicks were housed in environmentally controlled houses, and an appropriate heat and ventilation program was followed throughout the study. All birds had ad libitum access to feed and water. Chicks were subjected to continuous lighting, which consisted of 24 h of light at 2 foot candles. Chicks were placed in battery pens (0.36 × 1.00 m) with a stocking density of 8 birds per pen, 1 trough feeder, and 1 trough drinker per pen. Average BW, mortality adjusted FCR, and feed consumption were determined on day 14 and 21, which corresponded with dietary changes. Animal care was provided in accordance with a protocol approved by Texas A&M IACUC.
Ileal Digestible Energy and Crude Protein Digestibility
On day 21, all broilers were necropsied and ileal contents were collected from the portion of the small intestine extending from 3 cm below Meckel's diverticulum to the point of 3 cm proximal to the ileo-cecal junction and pooled per replicate pen. Digesta samples were re-moved from the intestine by lightly squeezing the ileal portion and running contents out each end. Contents were pooled within a cage and stored immediately at -20 o C until further analysis. Pooled samples were freeze-dried via Lypholizer (Labconco FreeZone Freeze Dry Systems, 8811 Prospect Ave, Kansas City, MO 64,132) and ground using a Hamilton Beach Type CM08 mill (Glen Allen, VA) to pass through a 0.5-mm screen size. All feed and digesta samples were analyzed using AOAC International methods (AOAC, 2012). Gross energy of feed and ileal content was determined using a Parr 6400 Bomb Calorimeter (Parr Instruments, 211 53rd St, Moline, IL 61,265). Nitrogen content was determined using an Elementar Rapid N Cube (Elementar Americas Inc. 520 Fellowship Rd, Mt Laurel, NJ 08054). TiO 2 concentration was determined following a protocol outlined by Short et al. (1996) .
Digestibility Calculations
Ileal digestibility energy and coefficient of nitrogen digestibility were defined by the following equations, where GE diet was the gross energy of the diet, GE leal was the gross energy of the ileal contents, TiO 2 diet was the concentration of titanium dioxide in the diet, TiO 2 ieal was the concentration of titanium dioxide in the ileal contents, and N represented the concentration of nitrogen either in the feed or the ileal contents:
Amino Acid Analysis
Feed and ileal digesta amino acids were analyzed using ion-exchange chromatography with post column derivatization with ninhydrine using a Hitachi amino acid analyzer (Tokyo, Japan) following acid (6 N HCl) hydrolysis for 22 h at 110
• C (AOAC 982.30). Methionine and Cysteine were quantified after oxidizing samples with performic acid hydrolysis (AOAC 994.12). Alkaline hydrolysis was carried out for Tryptophan followed by reverse phase HPLC (AOAC 988.15).
Statistical Analysis
All data were analyzed via 2 × 2 factorial analysis of variance (ANOVA) for completely randomized block design using the general linear model (GLM) procedure (SPSS V22.0, SPSS Inc., Chicago, IL). Interaction and main effect were deemed significantly different at P ≤ 0.05. In instances where a significant interaction was not present between diet and enzyme, data were analyzed using a 1-way ANOVA with individual treatment means deemed significantly different at P < 0.05 and grouped using Duncan's Multiple Range Test.
RESULTS AND DISCUSSION
The inclusion of enzyme, independent of diet nutrient specifications, had no effect on day 14 BW or FCR and feed consumption throughout the duration of the experiment (Table 2) . However, the inclusion of enzyme in the PC reduced BW compared to the PC absent of enzyme (Table 2 ). This was an unforseen result, as an improvement in performance was expected with the inclusion of the α-galactosidase carbohydrase mixture. It is possible that the lack of response with enzyme inclusion on performance could be due to the short duration of the experiment (21 d) and the lower bird number as this trial was conducted in battery pens. The lower bird number results in elevated variability reducing the sensitivity of the in vivo assay. Additionally, the impact of exogenous enzyme inclusion, in particular on feed conversion ratio, has been reported to be more pronounced in the finisher phase or production as compared to the starter and grower phases (Masey O'Neill et al., 2012; Williams et al., 2017) . Irish et al. (1995) noted no differences in performance with the inclusion of enzyme, associated with the lack of oligosaccharide breakdown (no differences in degree of polymerization of stachyose, raffinose, sucrose, and glucose between treatments) in the intestine. However, Kidd et al. (2001b) and Zou et al. (2013) reported a significant improvement in FCR with the inclusion of enzyme compared to the control at 21 d. Ghazi et al. (2003) also reported an increase in BW with α-galactosidase supplementation. The improvement in performance in these studies is attributed to the ability of α-galactosidases to degrade oligosaccharides and liberate galactose from sucrose making them easier to digest (Pettersson and Pontoppidan, 2013) .
The NC caused a lower IDE compared to the PC group, independent of enzyme inclusion. However, no differences were observed between the PC and NC in regard to ileal digestibility energy coefficient (IDEC), and ileal digestibility of nitrogen coefficient (IDNC). The inclusion of enzyme carbohydrase enzyme, irrespective of the nutrient specifications, increased IDE by 90 kcal/kg, IDEC by 2.96%, and IDNC by 3.56% (Table 3) . These improvements in IDE may in part be Table 4 . Apparent ileal amino acid (AA) digestibility (%) of male broilers fed a positive control (PC) or negative control (NC) diet with or without supplementation of α-galactosidase enzyme. attributed to the xylanase activity in the enzyme, and their ability to degrade the complex cell wall of polysaccharides (Meng and Slominski, 2005) . This degradation can free starches and proteins that were physically trapped within the cell wall, alleviating effects of cell wall encapsulation giving the broiler the ability to further digest these nutrients in the small intestine (Theander et al., 1989; Slominski et al., 1993) . Zou et al. (2013) observed an improvement of 81.3 kcal/kg in AME and 81.4 kcal/kg in TME when α-galactosidase was added to a nutrient-deficient diet (100 kcal/kg and 2% CP downspecification); however, the inclusion of α-galactosidase in a nutritionally balanced diet lowered AME and TME compared to nutritionally balanced diet absent of α-galactosidase supplementation. Chen et al. (2013) and Perryman and Dozier (2012) observed that a reduction in oligosaccharide content in SBM increased nitrogen-corrected TME (TME n ) . The ability of α-galactosidase to hydrolyze oligosaccharides may be the reason for the previously reported increase in TME n . However, Slominski et al. (1994) observed no effect in NSP digestion with the presence of the exogenous enzymes α-galactosidase and invertase. Graham et al. (2002) described that α-galactosidase supplementation was able to reduce viscosity, which slowed down intestinal passage rate and led to an increase in TME. Ileal amino acid digestibility was also evaluated for 18 of the 22 amino acids. Ileal amino acid digestibility was significantly higher (P < 0.05) in the PC as compared to the NC for threonine, isoleucine, and tryptophan, with valine approaching significance between PC and NC (P = 0.056). A difference in amino acid digestibility between the 2 dietary densities was not expected. However, the higher protein and energy level of the PC diet resulted in a higher percentage of SBM (1.5%) and supplemental fat (1.5%) in the diet and a reduction in the combined the percentage of SBM and corn that comprised the PC (83.96%) as compared to the NC (85.71%) diet. These alternations in ingredient concentration must be attributed to the differences in digestibility of the 3 essential amino acids that were impacted by nutrient density (2.5% improvement). The inclusion of enzyme significantly improved total ileal amino acid digestion by 3.8% compared to the nonsupplemented diet (Table 4 ; P < 0.05). A possible reason for the improvement in AA digestibility with the inclusion of enzyme regardless of nutrient density could be due to the enzymes ability to further breakdown galactosidases and polysaccharides of corn, SBM, and DDGS making amino acids that were originally unavailable for digestion available. Enzyme inclusion also statistically improved the digestibility of individual amino acids, namely aspartic acid, threonine, serine, glutamic acid, proline, glycine, alanine, cysteine, valine, methionine, isoleucine, leucine, tyrosine, phenylalanine, lysine, histidine, and tryptophan (P < 0.05; Table 4 ).
Research regarding the inclusion of α-galactosidase and specific amino acid digestion is limited, although multiple authors have investigated the use of α-galactosidases as well as other carbohydrases to improve CP and/or amino acid digestion in corn-SBM diets (Wang et al., 2005; Ao et al., 2009; Cowieson et al., 2010) . Ao et al. (2009) reported an increase in retention of CP and neutral detergent fiber with the inclusion of α-galactosidase over a 21-day assay period, which is in agreement with the results of the current experiment. Wang et al. (2005) observed improvements in cystine availability with the inclusion of α-galactosidase at 1000 mg/kg and methionine at 500 mg/kg compared to the diet absent in α-galactosidase. Similar to the findings of the current study, previous studies that have fed a multicarbohydrase have observed improvements in protein digestibility and AME content; however, no impact on growth performance (Marsman et al., 1997; Kocher et al., 2002; Campasino et al., 2015) . The im-provements observed in AA digestibility and IDE were unable to illicit a response in growth performance; this was an unforeseen circumstance and may be caused by other factors within the small intestine of the broilers in this study.
CONCLUSION
The inclusion of the multicarbohydrase including α-galactosidase and xylanase increased IDE, IDEC, and IDNC, and also improved specific ileal amino acid digestibility compared to the control non-supplemented group. These improvements in digestibility could result in improved broiler performance over full-term growout periods. These data suggest that multicarbohydrase breakdown galactosidic links in oligosaccharides as well as breakdown polysacharrides, thus improving nutrient digestion, absorption, and utilization of corn-SBM diets as seen in the current study.
